Synchrotron radiation was used for fine probing the different regions of a laser welded NiTi joint. Measurements 20 were taken at 0.2 mm intervals, starting in the non-thermal affected material, through the heat affected zone, the 21 fusion zone and again across the heat affected zone finishing in the base material. Along the longitudinal direction 22 the residual stresses were found to be always tensile in the heat affected and fusion zones; along the transversal 23 direction, an inversion of the stress states was found. The magnitude of the residual stresses was found to be more 24 significant in the transversal direction due to constraints imposed during welding. The heat introduced during 25 welding has a stress relief effect on the cold-rolled base material, although it does not promote any solid-state 26 transformation. The effect of the heat input on the residual stress pattern and magnitude was identified and it 27 was seen that high heat input leads to a higher magnitude of the residual stresses in the weld and the stress relief 28 effect is observed over a larger extension from the weld centerline. This paper presents the first experimental 29 study on the determination of residual stresses on laser welded NiTi shape memory alloys.
In fusion based welding processes, such as laser, the gradient of peak 53 temperature followed by a variation in heating and cooling rates along a 54 weld induces residual stresses in the weld region and its neighborhood 55 [11, 12] . The welding residual stress field depends on a variety of factors 56 such as: material properties, welding process parameters, pre-heating 57 temperature (if any) and dimensions of the structure to be welded as 58 well as imposed external restrain conditions [13] . Residual stresses 59 may give origin to distortions in the welded material, and these may 60 cause premature failure during service [14, 15] .
61
Residual stresses can occur due to a structural mismatch or by an un-62 even distribution of nonelastic strains. Thermal stresses occur in 63 welding due to a localization of the heating source which originates 64 non uniform temperature distributions in the weld itself and surround-65 ing medium [16] . Additionally, the molten zone shrinks during solidifi-66 cation and this shrinkage is constrained by the surrounding cooler 67 material [17] . If any phase transformations, with associated volume 68 change, occur during cooling, it is possible to compensate the tensile 69 contraction stresses that occur in the fusion zone, provided that the 70 phase transformation is associated with a volume expansion and not 71 contraction.
72
Considering a stress-free base material it is expected that, after 73 welding, the heat affected zone presents compressive stresses, while 74 in the fusion zone tensile stresses should be found. This can be ex-75 plained based on the "Three-bar Arrangement Theory" [18] : consider Measuring residual stresses by X-ray diffraction methods is a preci-97 sion reliable technique. These measurements can be performed either Table 1 . These parameters were chosen in order to 141 obtain full penetration joints, without defects, but with significantly dif-142 ferent heat inputs. Argon and helium were used as shielding gases on 143 the face and on the root, respectively, to prevent oxidation.
144
Microstructure of the welded joints (Fig. 3) revealed that heat affect- 
156
The experimental setup using during the X-ray diffraction experi-157 ments is depicted in Fig. 4 . Based on the sample orientation in terms 158 of laboratory referential (Fig. 4) , the azimuthal angle, φϕ, is defined as 159 equal to 0°in the longitudinal direction of the weld bead and equal to 160 90°for the transversal direction (perpendicular to the weld bead).
161
Throughout the experiments, performed at room temperature, com-162 plete Debye-Scherrer diffraction rings were obtained (Fig. 5 ).
163
For residual stress analysis, Rietveld code implemented in MAUD 164 [25] was used following a similar procedure as described in [26] . During both phases used in the stress model are described in [27, 28] . 
Following other authors [29] that have made similar assumptions

175
when performing residual stress analysis using X-ray diffraction, a plane-stress condition was assumed owing to the reduced thickness of zones, but the extension of each region was slightly larger due to the 201 higher heat input introduced in this weld.
202
The variation of the 2θ peak position of (110) austenite peak, which 
The inversion of the residual stress conditions in the principal direc- 
231
Comparing the residual stresses along the principal directions for the 232 same welded sample, it can be observed that the absolute value of the 233 residual stresses is higher along the y axis than along the x axis. This is 234 due to the fact that, during welding, a constraint was applied along 235 this direction in order to guarantee a good fit-up throughout the full 236 weld length. As such, the material was not able to move freely, generat-237 ing residual thermal stresses along this direction.
238
Of particular interest is the stress relief phenomenon observed for 
where:
T, is the peak temperature at a distance x in the (x, y) plane (K); 
285
This can be explained using the "Three-bar Arrangement Theory" de-
286
scribed in the introduction.
287
Another interesting consequence of the higher heat input intro-288 duced in sample B is that the stress relieving phenomena in the base 289 material occurs at a longer distance from the weld centerline, when phenomena. Additionally, the higher heat input originates a higher ex-295 tension of the thermally affected regions.
296
From the principal stresses calculated using the Rietveld method, the 297 von Mises stresses can also be obtained [35] . The evolution of the von
298
Mises stresses along the welded materials is depicted in Fig. 12 . In a lo- are below this range.
305
The residual stresses were also measured for the martensite in both 306 the heat affected and fusion zones, where this phase was observed.
307
However, the residual stresses calculated for this phase ranged between tensitic NiTi. The former has a higher Young's modulus than the latter.
312
As such, the load will be predominantly transferred to the "harder" ma-
313
terial, which is austenite in this case. Additionally, martensitic NiTi has a 314 lower constant stress plateau than austenitic NiTi, which enables stress 315 relaxation of the neighboring austenite. Similar behavior was also re-316 ported to occur for Cu-based shape memory alloys [37] .
317
No distortions were observed after butt welding the NiTi plates. This 
Conclusions
325
The first experimental study for the determination of residual stress 326 in laser welded NiTi shape memory alloys is presented. For this, 
synchrotron radiation based X-ray diffraction and this data was welding thermo-mechanical analysis.
338
-The heat input introduced in the welds promoted stress relief phe-339 nomena on the work-hardened base material. As such, the residual 340 stresses in this region decreased.
341
-Stress relieving phenomena on the base material occur at tempera-342 tures below 350°C.
343
-Higher heat inputs originate higher magnitude of the residual stress-344 es, in absolute modulus, in the heat affected and fusion zones.
345
-No distortions were observed after welding and this results from an 346 overall near equilibrium stress state.
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Fast residual stress mapping using energy-dispersive synchrotron X-ray diffraction on sta- 
